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(54) Acquiring volumetric image data 

(57) A gantry (1 0) includes a large diameter bearing 
having an outer race (12) and an inner race (16) which 
surrounds an examination region. An x-ray tube (18) 
and collimator (52) are mounted to the inner race, as is 
a flat panel detector (20) and a mechanical mechanism 
(50) for moving the flat panel detector closer to and fur- 
ther from the examination region. A timing and control 
circuit (30) controls a motor (22) which indexes the inner 
race around the examination region, an x-ray power 
supply (32) which pulses the x-ray tube in a fluoroscopic 
mode at discrete positions around the examination 
region, and a read-out circuit (34) which reads out a 
frame of data after each pulse of the x-ray tube. The 



read out frames of data are stored in a frame memory 
(36) and reconstructed by a reconstruction processor 
(38) into a volumetric image representation for storage 
in a volume image memory (40). A video processor (42) 
reformats individual frames from frame memory (36) or 
selected portions of volume image representation from 
the volume image memory (40) into appropriate format 
for display on a video monitor (44). A magnification con- 
trol (54) coordinates adjustment of the collimator (52) 
and movement of the flat plate detector toward and 
away from the examination region. 
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Description 

[0001 ] The present invention relates to the acquisition 
of volumetric image data, especially in relation to medi- 
cal diagnostic imaging. It finds particular application in 
conjunction with computerized tomographic (CT) scan- 
ners and fluoroscopy systems and will be described 
with particular reference thereto. However, it should be 
appreciated that the present invention may also find 
application in conjunction with other types of imaging 
systems and applications where volumetric imaging 
data is acquired. 

[0002] Conventional, single detector ring, axial com- 
puterized tomography (CT), and its extensions, such as 
spiral CT and multiple detector ring CT, are well known 
and documented. In all these cases, multiple individual 
radiation detector elements, or small arrays of detector 
elements, are mounted on an inside cylindrical surface 
of the gantry, to form one (in the case of conventional 
CT), or a small number of rings (in the case of multi- 
slice CT). In some scanners the detectors are mounted 
on are segments that rotate with the gantry. 
[0003] An x-ray source emits a thin, highly collimated 
x-ray fan beam. Rotation of the gantry is typically contin- 
uous, with one or a few CT slices acquired with each 
revolution. Data from larger volumes are acquired by 
either indexing the patient in steps, synchronized with 
the gantry rotation (in the case of conventional CT), or 
continuously (in the case of spiral CT), along the centre 
line of rotation and acquiring one or a few CT slices with 
each revolution. 

[0004] Alternatively, volume CT data has been 
acquired with limited success, by mounting image inten- 
s'rfier-based fluoroscopic cameras on CT-gantry type 
frames. Such a system is described in a paper pre- 
sented at SPIE Medical Imaging Conference on 24 Feb- 
ruary 1997, by R. Ning, X. Wang and D. L Conover of 
Univ. of Rochester Medical Centre. The major disadvan- 
tage of this approach lies in the geometric distortion 
inherent to image intensifies. Before a volume CT 
reconstruction can be performed, all video data has to 
be processed through an extremely tedious geometric 
correction algorithm, and even this is only partially suc- 
cessful, as the geometric distortion is typically depend- 
ent on the orientation, in space, of the image intensif ier 
and thus the distortion pattern changes as the gantry 
rotates. 

[0005] Further disadvantages of this concept lie in the 
veiling glare characteristic of image intensifies, which 
reduces object contrast and causes reconstruction arti- 
facts, and in the poor spatial resolution of image intensi- 
fies. Because of the difficulty of reconstructing volume 
CT from image intensif ier image data, and also because 
of the size and weight of image irrtensifier cameras, 
practical application of this concept has been virtually 
non-existent. 

[0006] U.S. Patent No. 5,588,033 discloses a third 
method for acquiring volume CT data, which involves 



the use of individual sheets of photographic film to 
acquire images at a series of angles through a patient. 
This method overcomes the limitations of image irrtensi- 
fier geometric distortion, but is extremely cumbersome 

5 due to the need to take individual photographic images 
that have to be developed and scanned into a computer 
for CT reconstruction processing. In practice, this limits 
the number of projections that can be acquired per 
examination, and thus limits the quality of CT image 

10 data that can be obtained. Such a procedure also takes 
a long time, during which the patient has to remain com- 
pletely stationary. 

[0007] In accordance with one aspect of the present 
. invention, a fluoroscopic diagnostic imaging device is 

15 disclosed. The fluoroscopic diagnostic imaging device 
includes a gantry which supports an x-ray tube and a 
flat plate x-ray detector for rotation about an examina- 
tion region with the x-ray tube and the flat plate detector 
disposed across the examination region from each 

20 other. A motor assembly selectively rotates the x-ray 
tube and the flat plate detector around the examination 
region. A read out device reads a two dimensional array 
of data values from the flat plate detector with each data 
value being indicative of radiation attenuation along one 

25 of a number of diverging rays extending between the x- 
ray source and a sub-region of the flat plate detector. A 
processor reconstructs the data values read out during 
rotation of the x-ray tube and the flat plate detector 
around the examination region into a volumetric image 

30 representation. A video processor formats (i) the read 
out data values into appropriate format for display on a 
video monitor as a projection image, and (ii) reformats 
selective portions of volumetric image data into an 
appropriate format for display on the monitor. 

35 [0008] In accordance with another aspect of the 
present invention, a method of diagnostic imaging with 
a fluoroscopic imaging system is disclosed. The diag- 
nostic imaging system includes a fluoroscopic imaging 
system having a gantry which supports an x-ray tube 

40 and a flat plate x-ray detector disposed across an exam- 
ination region from each other, and a reconstruction 
processor for processing image data acquired by the flat 
plate x-ray detector. The method includes a) rotating the 
x-ray tube and the flat plate detector to a predetermined 

45 angular position about the examination region, b) ener- 
gizing the x-ray tube to generate an x-ray radiation 
beam, c) reading out a two-dimensional array of data 
values from the flat plate detector with each data value 
being indicative of radiation attenuation along one of a 

so plurality of diverging rays extending between the x-ray 
source and a sub-region of the flat plate detector, d) 
repeating steps (a-c) a predetermined number of times 
to collect a plurality of two dimensional arrays of data 
values, e) reconstructing the plurality of two-dimen- 

55 sional arrays of data values into a volumetric image rep- 
resentation, and f) displaying the volumetric image 
represer ation on a video monitor as a projection 
image. 
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[0009] Ways of carrying out the invention will now be 
described in detail, by way of example, with reference to 
the accompanying drawings, in which: 

Figure 1 is a diagrammatical side elevation view of 5 
an imaging apparatus which incorporates the fea- 
tures of the present invention therein; 

Figure 2 is a simplified block diagram of the imaging 
apparatus of Figure 1 ; and 10 

Figure 3 is a diagrammatic view of an alternate flat 
panel image receptor associated with imaging 
apparatus of Figures 1 and 2. 

15 

[0010] With reference to Figures 1 and 2, a large 
diameter track 1 0, on the order of 1 .5 meters, is station- 
arily mounted to the floor. More specifically to the illus- 
trated embodiment, the track is a large diameter bearing 
whose outer race 12 is stationary supported by a sta- 20 
tionary support 14 and whose inner race 16 is freely 
rotatable within the outer race. An x-ray tube 18 is 
mounted to the inner race for rotation therewith. A flat 
panel detector 20 is mounted to the inner race opposite 
the x-ray source. More specifically to the preferred 25 
embodiment, the flat panel detector includes a two 
dimensional matrix image receptor configured of a sin- 
gle, large amorphous silicon flat panel on the order of 
30 x 40 centimeters. Suitable amorphous silicon flat 
panel image receptors are described in U.S. Patent 30 
Nos. 5,079,426; 5,117,114; 5,164,809; 5,262,649. 
[0011] A drive motor 22 is connected with the inner 
race for indexing the x-ray tube and flat panel detector to 
selectable angular orientations around a central axis of 
the ring 1 0. A patient support 24 is positioned to support 35 
a region of interest of a subject 26 at the geometric cen- 
tre of the ring 10. 

[0012] A timing and control circuit 30 controls the 
motor 22 to index the x-ray tube to each of a plurality of 
pre-selected angular positions around the subject, e.g., 40 
steps at 1° intervals. At each step, the timing and control 
circuit causes an x-ray tube power supply 32 to pulse 
the x-ray tube at radiographic energy levels in a radio- 
graphic mode of operation, and fluoroscopic energy lev- 
els in a fluoroscopic mode of operation. The x-ray tube 45 
sends a pulse of x-rays for a limited duration through the 
subject striking the flat panel detector 10. Due to the low 
fluoroscopic energy levels, each cell of the flat panel 
detector integrates received radiation over the duration 
of the pulse. After the radiation pulse, the timing and so 
control circuit 30 causes a frame read out circuit 34 to 
read out the two dimensional frame image generated by 
the fiat panel detector 20. Concurrently, the timing and 
control circuit causes the motor 22 to index the x-ray 
tube and flat panel detector to the next angular step. ss 
[001 3] This process is repeated to collect a plurality of 
two dimensional image frames which are collected in a 
frame memory 36. Each frame image includes a two 



dimensional array of data which represents radiation 
attenuation along a corresponding ray through the 
patient. Because the x-ray tube is essentially a point 
source which generates rays of diverging radiation 
directed toward the flat panel receptor, each ray repre- 
sents the attenuation of radiation along one of a plurality 
of diverging paths. The paths diverge generally in a 
cone beam pattern 37. A cone beam reconstruction 
processor 38 reconstructs each frame of data and uses 
it to improve the three dimensional volumetric image 
that is built in a volumetric image memory 40. Various 
cone beam reconstruction algorithms are contem- 
plated, such as described in U.S. Patent Nos. 
5.170,439; 5,404,293; 5,532.490; 5,559,335; 
5,565,684; and 5,625.660. With each frame that is 
reconstructed and combined into the volumetric image 
representation, the volumetric image becomes clearer 
and sharper. Preferably, the x-ray source and flat panel 
detector rotate at least 180° plus the angle of the cone 
beam and the rotational direction around the subject. 
[0014] A video processor 42 addresses the volume 
image memory to retrieve slices, projections, 3-D ren- 
derings, and other conventional diagnostic image dis- 
play formats such as Maximum Intensity Projection 
images (MIP). 

[0015] The resolution and size of the acquired image 
data is adjustable by adjusting the displacement of the 
flat panel detector from the subject. More specifically, a 
mechanical drive 50 moves the flat panel detector 20 
toward and away from a subject. Analogously, a collima- 
tor 52 adjusts the collimation or divergence of the fan 
beam of radiation generated by the x-ray tube to limit or 
block that portion of the radiation beam that will not 
impinge directly upon or strike the flat panel detector. A 
magnification control 54 is connected with the collimator 
52 and the flat panel drive 50 to adjust the two in coor- 
dination such that the x-ray tube projects a fan beam 
which impinges on the flat panel detector, without send- 
ing rays of radiation to the sides of the detector. Such 
radiation rays which do not strike the detector, are 
blocked by the collimator 52 so as not to subject the 
object or patient 26 to radiation which does not contrib- 
ute to the resultant image. By moving the flat plate 
detector close to the subject, a relatively large volume of 
the subject can be examined. By moving the flat panel 
detector away from the subject and narrowing the colli- 
mation a relatively small region of the subject can be 
reconstructed, with higher resolution. 
[0016] The gantry 10 rotates at significantly reduced 
speed; approximately 5 to 90 seconds per revolution, 
versus 0.5 to 4 seconds per revolution for a conven- 
tional CT In each rotation, 3-500 images are generated. 
Image data from the flat panel detector 20 and power to 
the x-ray source 18 may be transmitted from a continu- 
ously rotatable gantry 10 to the fixed frame 12 by con- 
ventional sliprings (not shown). 

[0017] However, since sufficient data for most medical 
examinations can be acquired from a half or one com- 



3 



EP 0 948 930 A1 



plete revolution, data and power transfer can also be 
accomplished with slack power and data cables to the 
gantry 10. Alternatively, power and data can be stored 
on the gantry 10, with downloading of data and 
recharge of power storage at a docking station at the 
end of each revolution. In either case, three-dimen- 
sional image data can be acquired from the whole vol- 
ume irradiated by the x-ray cone beam in a single 
revolution. 

[001 8] Rather than supporting the flat panel detector 
20 and x-ray tube 18 with their geometric centres in the 
central plane of the gantry 10, as shown in Figures 1 
and 2, the detector 20 and x-ray tube 18 can be sup- 
ported in a cantilever manner, outside the gantry plane. 
This improves the physician's access to the patient dur- 
ing interventional procedures. A cantilevered mounting 
approach is feasible in part because of the relatively 
light weight of the flat panel image receptor 20 relative 
to a conventional image intensifier, and of the x-ray 
source, because of the lower x-ray power requirement. 
The slower scan speed of the gantry 10 also reduces 
safety problems associated with a cantilever mounting 
approach. 

[0019] It should be appreciated that the two-dimen- 
sional flat panel image detector 20 utilizes a much 
larger fraction of all the x-rays produced by the x-ray 
tube 18 relative to a conventional CT detector technol- 
ogy. In addition, flat panel imagers have higher spatial 
resolution than conventional CT detectors or fluoro- 
scopic imagers. This higher spatial resolution can be 
utilized either to acquire higher resolution images, or to 
place the detector closer to the gantry rotation axis, thus 
needing a smaller detector. In addition, flat panel image 
receptors are free from geometric distortion that has 
thus far precluded the practical use of fluoroscopic 
image intensifies as detectors in volume CT Further, 
flat panel image receptors have a much higher dynamic 
range than image intensifier implementations as the 
detector for volume CT, and flat panel image receptors 
are free from the veiling glare characteristic of image 
intensif iers, thus providing object contrast and no glare 
artifacts, which is a significant advantage over image 
intensifier based designs. 

[0020] The flat panel image detector 20 can be opti- 
mized to acquire volume image data. For instance, by 
using a sensor 20 with significantly larger pixels than 
the pixels used in fluoroscopic sensors, it is possible to 
increase the dynamic range of the sensor 20 to be more 
in line with the dynamic range generally expected of CT 
sensors. In addition, amorphous silicon matrix image 
detectors are subject to image lag, due to the phenom- 
ena of charge trapping in the amorphous materia! struc- 
ture. 

[0021] By operating the image detector 20 in a pulsed 
fluoroscopy mode and equipping it with an optical reset 
device 56 (Fig. 2), any residual image data (i.e. image 
lag) that may be left on the amorphous silicon matrix at 
the end of each frame is saturated out. Preferably, the 



6 

optical reset device 56 is a brilliant light source mounted 
proximate the flat panel image detector 20, which light 
source, when momentarily flashed or energized, satu- 
rates out the residual image data from the previous 
5 image data acquisition. The optical reset device 56 is 
selectively triggered by the timing and control circuit 30 
between successive image acquisitions. 
[0022] It is contemplated that a number of smaller 
matrix image sensors, such as CCD detectors or small 
10 amorphous silicon flat panel imagers, can be tiled 
together in a mosaic fashion or a circle sector, rather 
than one large sensor. The image receptor 20 may also 
be equipped with a known x-ray anti-scatter grid to 
reduce the detection of radiation scattered from the 
15 patient body. It is also contemplated that a flat panel 
polysilicon image detector can be used in place of the 
amorphous silicon flat panel image detector 20. 
[0023] The x-ray sensitivity of the flat panel imager 20 
can be enhanced by depositing an x-ray absorbent layer 
20 on top of the amorphous silicon. The layer may utilize 
direct x-ray detection, where x-rays are absorbed in a 
semi-conductor matrix, such as Selenium, Lead Sulfide, 
Cadmium Zinc Telluride, or lead Iodide, and converted 
directly to electric charge, which is then accumulated by 
25 the amorphous Silicon matrix, or it may use indirect x- 
ray detection, where the x-rays are absorbed in a scintil- 
lating phosphor layer, such as Gadolinium Oxysulfide, 
Cesium Iodide, or Cadmium Tungstate, and converted 
to light, which is then absorbed and converted to elec- 
30 trie charge in the amorphous Silicon matrix. 

[0024] The flat matrix image detector 20 may also 
include a known anti-scatter grid 58 mounted on a face 
of the detector 20 facing the x-ray source 18. The anti- 
scatter grid operates in a known manner to limit the x- 
35 rays that impinge upon the detector to those x-rays 
which have not been previously scattered by dense 
objects such as bone tissue. Alternatively, as shown in 
Figure 3, a scatter detector 60 is placed outside the flat 
matrix image detector 20 to monitor the level of scat- 
40 tered x-rays which do not impinge upon the detector 20. 
The level of scattered x-rays detected by the detector 60 
is then subtracted from the image data by the recon- 
struction processor 38 to eliminate or reduce the effects 
of scattered x-rays on the sensitivity of the detector 20. 
45 [0025] It should be appreciated that the use of a rec- 
tangular cone beam results in better utilization of the x- 
rays generated in the x-ray tube 18. That is, because a 
thin fan beam is not utilized, less x-rays are discarded in 
the collimator 52, thereby improving the utiization of the 
50 x-rays generated. In addition, less long term power is 
dissipated in the x-ray tube 18 and the amount of 
energy that is accumulated in the tube per exam also is 
reduced. Thus, it is possible to use a smaller x-ray tube 
that runs under lower load conditions and having a sig- 
55 nificantly longer lifetime. 

[0026] The radiation from the x-ray source 18 can be 
pulsed or continuous. Continuous radiation results in a 
simpler, less expensive system design, but precludes 
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the use of an optical reset device in the sensor 20, thus 
introducing image artifacts due to the image lag charac- 
teristic of amorphous silicon fiat panels. Pulsed radia- 
tion has the added advantage that the radiation pulses 
could be synchronized with, for example, the patient's 
heartbeat, thus freezing heart motion. In this embodi- 
ment, a cardiac monitor 62 sends cardiac signals to the 
timing and control circuit Pulsing can be achieved 
either by using a pulsed high voltage generator con- 
nected to a conventional x-ray tube, or a constant high 
voltage generator connected to an x-ray tube equipped 
with a switching grid. 

[0027] The reconstruction processor 38 can include 
means, such as an algorithm, to compensate the image 
data for image lag caused by the scintillator layer and 
the amorphous silicon matrix if an optical reset device is 
not used. The reconstruction processor 38 performs 
any image data corrections that are specific to the type 
of flat panel image receptor being used. In the case of 
an amorphous Silicon flat panel detector 20, this 
includes at least the following processes: pixel offset 
correction, pixel gain correction, defective pixel interpo- 
lation and blacklevel clamping (i.e. line correlated noise 
reduction). 

[0028] Referring now to Figure 3, a further flat panel 
image detector 70 includes a central, rectangular array 
72 having a plurality of detectors 74, and wings 76. 78 
each extending transverse from the array 72 and con- 
taining a plurality of additional detectors 80. The wing 
detectors 80 are used to at least partially compensate 
for the fact that the size (i.e., area) of the central array 
72 is not large enough to acquire a full, non-truncated 
set of conventional CT data, i.e. to receive a complete 
set of image data across the entire object being imaged. 
More specifically, the wing detectors enable a full fan of 
data to be collected and reconstructed along the central 
slice. The portions of the central slice surrounding the 
region of interest are used to compensate for truncated 
artifacts in adjoining slices. 

[0029] The detectors 80 sense or otherwise provide 
an approximate level of radiation attenuation data 
occurring in tissue outside the boundary of the imaged 
region. The attenuation data attributed to the tissue sur- 
rounding the region of interest is used to correct the 
attenuation values in the rays of adjoining slices. The 
corrected data is used in a reconstruction algorithm 
executed by the reconstruction processor 38 to acquire 
a truer volumetric image representation of the region of 
interest. 

[0030] The imaging system of the present invention 
can be characterized as a fluoroscopic imaging system 
that has the capability of performing volume data acqui- 
sition in the same system. That is, the imaging system 
of the present invention can be configured as a radiog- 
raphy fluoroscopy, or interventional fluoroscopy system 
that also has a volume CT capability in the same sys- 
tem. The video processor 42 can retrieve individual pro- 
jection images (i.e., fluoroscopic, radiographic, MIP) 



from the frame memory 36 for display on the monitor 44. 
The sequence of projection images from a rotary scan 
can be played back to the user in a fluoroscopy loop. 
The subjective appearance to the user is thus of a full 
5 three dimensional image, but that can only be spun 
around one axis. 

[0031] However, it should be appreciated that the 
imaging system of the present invention can also be 
characterized as a volume CT system that has the 

10 capability of performing fluoroscopic imaging. 

[0032] The invention has been described with refer- 
ence to the preferred embodiment(s). Obviously, modifi- 
cations and alterations will occur to others upon reading 
and understanding the preceding detailed description. It 

75 is intended that the invention be construed as including 
all such modifications and alterations insofar as they 
come within the scope of the appended claims or the 
equivalents thereof. 

[0033] For instance, multiple sensors 20 and x-ray 

20 tubes 18 can be mounted around a stationary frame, 
with the x-ray tubes pulsed in sequence to emulate rota- 
tion. Each image sensor is enabled to acquire image 
data only when its opposing x-ray tube is pulsed. This 
eliminates the need for a rotaring gantry and provides 

25 with real-time data acquisition enabling much shorter 
examination times. It is also contemplated to use multi- 
ple sensors mounted to a stationary frame and to place 
a single x-ray tube on a rotating frame. 
[0034] Among advantages of the described apparatus 

30 for acquiring volumetric image data using a flat panel 
matrix receptor are: the provision of a volumetric image 
data acquisition system which improves x-ray utilization 
resulting in lower power operation, longer x-ray tube life, 
faster patient scan times and reduced radiation dose; 

35 the provision of a volumetric image data acquisition sys- 
tem which improves spatial resolution due to the fine 
detector matrix spacings achievable in flat panel matrix 
image receptor technology; the provision of a volumetric 
image data acquisition system which acquires a large 

40 number of slices per gantry revolution resulting in 
reduced revolution speeds, but with faster patient scan 
times; the provision of a volumetric image data acquisi- 
tion system which reduces gantry complexity; and the 
provision of a dual-mode volumetric image data acquisi- 

45 tion system which generates fluoroscopic image repre- 
sentations and radiographic image representations. In 
particular, the dual-mode volumetric image date acqui- 
sition system can be defined as a volume CT system 
that can also be used as a fluoroscopic system, or a 

so fluoroscopic system that can be used as a volume CT 
system. 

Claims 

55 1 . Fluoroscopic imaging apparatus comprising: a gan- 
try (10) supporting an x-ray tube (18) and a flat 

: plate x-ray detector (20) for rotation about an exam- 

ination region with the x-ray tube (18) and the flat 
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plate detector (20) disposed across the examina- 
tion region from each other; a motor assembly (22) 
for selectively rotating the x-ray tube (18) and the 
flat plate detector (20) around the examination 
region; a read-out device (34) for reading out a two 
dimensional array of data values from the flat plate 
detector (20) with each data value being indicative 
of radiation attenuation along one of a plurality of 
diverging rays extending between the x-ray source 
(18) and a sub-region of the flat plate detector (20); 
a reconstruction processor (38) for reconstructing 
the data values read out during rotation of the x-ray 
tube (18) and the flat plate detector (20) around the 
examination region into a volumetric image repre- 
sentation; and a video processor (42) for formatting 
(i) the read-out data values into appropriate format 
for display on a video monitor (44) as a projection 
image and (ii) for reformatting selective portions of 
volumetric image data into appropriate format for 
display on the monitor (44). 

2. Apparatus as claimed in claim 1 , further including a 
timing and control circuit (30) for controlling the 
motor (22) the read-out device (34) and an x-ray 
tube power supply (32), the timing and control cir- 
cuit (30) controlling (i) the motor (22) to move the x- 
ray tube (18) and flat plate detector (20) around the 
examination region in steps, (ii) the x-ray tube 
power supply (32) to pulse x-ray tube (18) at each 
indexed step, and (iii) controlling the read out 
device (34) to read out a frame of data after each 
indexed step. 

3. Apparatus as claimed in claim 2, further including a 
physiological monitor (62) for monitoring a reoccur- 
ring physiological movement of the subject (26), the 
monitor (62) being connected with the timing and 
control device (30) for triggering the timing and con- 
trol device (30) to control the indexing of the steps 
in coordination with the monitored physiological 
movement. 

4. Apparatus as claimed in daim 2 or claim 3, further 
including: a frame memory (36) connected between 
the read-out device (34) and the reconstruction 
processor (38), the frame memory (36) storing indi- 
vidual frames of data corresponding to the plurality 
of indexed steps around the examination region, 
the video processor (42) being interconnected with 
the frame memory (36) such that projection images 
at any of a plurality of angular orientations are 
retrievable from the frame memory (36). 

5. Apparatus as claimed in any one of claims 1 to 4, 
wherein the gantry (10) includes a large diameter 
bearing having an inner race (16) to which the x-ray 
tube (18) and the flat plate detector (20) are 
mounted and an outer race (12) which is stationary 



mounted, the motor (22) rotating the inner race (16) 
relative to the outer race (12). 

6. Apparatus as claimed in any one of claims 1 to 5, 
5 further including: an adjustable collimator (52) 
mounted adjacent the x-ray tube (18) for adjusting 
the collimation of the emitted x-ray beam (37); a 
mechanical mechanism (50) for moving the flat 
plate detector (20) closer to and further from the 
10 examination region; and a magnification control cir- 
cuit (54) for controlling adjustment of the collimator 
(52) and the mechanical drive circuit (50) for the flat 
plate detector (20). 

15 7. Apparatus as claimed in any one of claims 1 to 6, 
further including: an optical reset device (56) for 
saturating the flat plate x-ray detector (20) after 
data values have been read out of the flat plate x- 
ray detector (20) by the read-out device (34). 

20 

8. Apparatus as claimed in any one of claims 1 to 7, 
wherein the flat plate x-ray detector (20) includes a 
central array of detectors (72) and a plurality of 
additional detectors (76, 78) extending from said 

25 central array (72) for collecting attenuation data out- 
side an imaged region of said x-ray detector (20). 

9. A method of imaging with an imaging system 
including a gantry (10) which supports an x-ray 

30 tube (18) and a flat plate x-ray detector (20) dis- 
posed across an examination region from each 
other, and a reconstruction processor (38) for 
processing image data acquired by the flat plate x- 
ray detector (20), the method comprising: 

35 

a) rotating the x-ray tube (18) and the flat plate 
detector (20) to a predetermined angular posi- 
tion about the examination region; 

40 b) energizing the x-ray tube (1 8) to generate an 

x-ray radiation beam (37); 

c) reading out a two-dimensional array of data 
values from the flat plate detector (20) with 
45 each data value being indicative of radiation 

attenuation along one of a plurality of diverging 
rays extending between the x-ray source (18) 
and a sub-region of the flat plate detector; 

so d) repeating steps (a-c) a predetermined 

number of times to collect a plurality of two 
dimensional arrays of data values; 

e) reconstructing the plurality of two-dimen- 
55 sional arrays of data values into a volumetric 

image representation; and 

f) displaying the volumetric image representa- 
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tion on a video monitor (44) as a projection 
image. 

10. A method as claimed in claim 9, wherein step (a) 
includes: 5 

g) rotating the x-ray tube (18) and the flat plate 
detector (20) less than one full revolution about 
the examination region to generate the volu- 
metric image representation. w 
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